Background & objectives: Shiga toxin producing Escherichia coli (STEC) is an important zoonotic foodborne pathogen, capable of causing haemorrhagic colitis (HC) and haemolytic uremic syndrome (HUS). As data from India on human infections caused by STEC are limited, this study was carried out for hospital based surveillance for STEC as a causative agent of diarrhoea, bloody diarrhoea and HUS at a tertiary care centre and to study the virulence gene profile and strain relatedness by multi locus variable tandem repeat analysis (MLVA).
motile (NM); O103:H2, H11, H25; O26:H11 or NM; O45:H2 or NM; O121:H19 or H7; and O145:NM] to be responsible for 71 per cent of non-O157 STEc illnesses in the USA 1 . STEc infections are a cause of concern particularly for elderly and paediatric patients because of the higher risk of HUS in these populations 2 . cDc has updated guidelines in October 2009 for the detection of STEc in acute community-acquired diarrhoea, and recommended tests for detection for shiga toxins or stx genes in addition to conventional culture 3 (http://www. cdc.gov/mmwr /preview/mmwrhtml/rr5812a1.html).
In contrast to the developed world, little is known about STEc epidemiology in humans in India, though multiple reservoirs for STEc have been described, including healthy and diarrhoeagenic cattle, calves, goats and yaks [4] [5] [6] [7] . STEc were isolated from 1.4 and 0.6 per cent of human bloody and watery diarrhoea samples in a study from Kolkata
5
. A study from Vellore has reported 2.3 per cent isolation in preschool-aged children admitted to the hospital with diarrhoea and an equivalent (2%) asymptomatic population 8 . However, from India no outbreaks of human illness are reported and no data are available supporting the role of STEc in HUS. Therefore, we conducted a hospital based surveillance for these pathogens in human cases of diarrhoea and HUS presenting to a tertiary case centre in north India. The virulence profile and the genetic inter-relatedness of these organisms were also studied using multi locus variable tandem repeat analysis (MLVA).
Material & Methods
sample collection: Stool samples (n=600) were collected from every fifth patient presenting with nonbloody diarrhoea (290 of 1438), all cases of bloody diarrhoea and diarrhoea associated HUS (D+HUS) (n=310) in patients from October 2009 to September 2011 in Postgraduate Institute of Medical Education and Research (PGIMER), chandigarh. The samples were submitted to the Enteric Laboratory of department of Medical Microbiology at the PGIMER, chandigarh. A total of 1270 cases were excluded from the study. Acute non-bloody diarrhoea was defined as the sudden onset of diarrhoea with frequent loose stool >3 times/ day without the presence of visible blood. Bloody diarrhoea was defined as the presence of visible blood in loose stools, and diarrhoea associated HUS was defined as the occurrence of haemolytic anaemia, acute renal failure and thrombocytopenia after an episode of bloody diarrhoea. Patients presenting with diarrhoea at the time of OPD of both pediatric and adult patients (Medicine and Gastroenterology OPDs) visit /admission or developing diarrhoea within 48 h of admission were included while patients who developed diarrhoea after 48 h of admission to the hospital were excluded. The study protocol was approved by the Institute Ethics committee. Written informed consent was obtained from patients.
Culture of stool samples: About 5 ml of fresh stool was collected in a wide mouth container and a small portion of the stool specimen was transferred to caryBlair medium (Difco, USA). The stool sample was grossly examined for presence of blood and mucus. All stool samples were plated onto the Macconkey agar (Hi-Media Ltd., Mumbai, India), xylose lysine deoxycholate agar (XLD) (Hi-Media Ltd., Mumbai, India), thiosulphate citrate bile salt sucrose agar (TcBS) (Difco, USA), blood agar (Difco, USA) and inoculated into selenite F (Hi-Media Ltd., Mumbai, India) and alkaline peptone water (Hi Media Ltd., Mumbai, India) for isolation of salmonella, shigella, Vibrio cholerae and Aeromonas. A multiplex PcR assay was used to characterize the biochemically confirmed E. coli for enteroaggregative (EAEc), enterotoxigenic (ETEc) and enteropathogenic E. coli (EPEc) 9 .
Processing of samples for sTEC: For STEc screening, enrichment of stool specimens was performed by inoculating. 5 ml of stool samples into 3 ml of enriched culture (Ec) medium (Difco, USA) and incubated overnight at 37˚C with constant shaking. DNA was extracted from one ml of the broth culture by boiling method 10 . Supernatant was used in the PcR for the detection of stx1 and stx2 genes by using primers and PcR conditions as described previously 11 . Broth cultures positive for either stx1 and/or stx2 by PcR, were serially diluted in 10 mM phosphate-buffered saline (PBS) (pH 7.0) and 100 µl volume of each dilution was spread on Sorbitol Macconkey agar (SMAc) (Difco, USA), in duplicate. Isolated presumptive E. coli colonies including non-sorbitol fermenting colonies were picked up randomly from dilution plates and subjected to biochemical analysis for confirmation.The E.coli colonies were further spot-inoculated on master Luria agar plates. After division into rows and columns, colonies from each row and each column were pooled into fresh Ec broths. After overnight incubation at 37˚C, DNA was extracted by boiling method. Duplex PcR, using primers for stx1 and stx2 was performed. When positive results were obtained in one column and one row, the shared colony was considered as STEc positive. A stx-positive colony was preserved in brain heart infusion broth (BHI, Difco, USA) containing 15 per cent glycerol at -80°c, till further use.
Phenotypic characterization
serogrouping: On the basis of O antigen, isolates were serogrouped by the National Salmonella and Escherichia centre at the central Research Institute at Kasauli, India. MLVA typing: MLVA typing was performed by using five VNTR loci CVN001, CVN004, CVN007, cVN014 and cVN015 as described previously 20 . These loci were chosen on the basis of reproducibility and discriminatory indices and PcR was performed as described 20 . EDL933 was used as the control strain. After amplification, products were separated on a 6 per cent denaturing polyacrylamide gel (PAGE) by using SequiGen gel apparatus 38 × 50 × 0.4 cm (BioRad Laboratories Inc., USA). After electrophoresis, gels were fixed overnight in 10 per cent acetic acid and then silver stained using the Promega silver staining kit (Promega, USA). On the basis of amplicon size, allele numbers were assigned to each locus 20 and allele string was made for each isolate with an order: cVN001-cVN004-cVN007-cVN014-cVN015. The dendrogram was constructed by using UPGMA clustering method with START vs. 2.0.5 software 21 . Minimum spanning tree (MST) was constructed by using the online software (http://pubmlst.org/ analysis.). Table I shows the age and sex distribution along with results of stool culture. Of the 600 cases, 56 per cent were males (mean age 4.7 yr; range from 2 months to 60 yr) and 44 per cent were females (mean age 5.2 yr; range from 40 days to 67 yr). From 600 stool samples (290 from patients with acute non-bloody diarrhoea, 300 from bloody diarrhoea and 10 from HUS) screened by PcR, STEc were isolated as a sole pathogen from 11 (1.8%) samples. Of these 11 isolates, five isolates each were obtained each from acute non-bloody diarrhoea (1.7%) and bloody diarrhoea (1.6%) cases and one was isolated from a case of HUS. Table II shows details of 11 patients from whom STEc were isolated. Of these, eight were admitted to 
Analysis of virulence genes:

Results
Characterization of virulence genes:
The stx1 gene was the most common virulence gene, present in 11 (100%) isolates followed by stx2 in six (54.5%) isolates. The eae gene was present in HUS isolate only. Among the plasmid encoded genes, espP, hly and etpD were each present in one (9%) isolate. The most common adhesion gene was iha, present in five (45.4%) isolates, followed by toxB and efa1 each in two (18%) isolates and saa gene in one (9%), isolate (Table II) .
serogrouping: Isolates belonged to serogroup O85 (2 isolates), O95 (one isolate) and O102 (one isolate). Six isolates were found to be untypable with somatic (O) antiserum and one was found to be rough.
Antimicrobial drug susceptibility testing & MLVA:
All isolates were found to be sensitive to all the antimicrobials tested. In the dendrogram analysis, 11 MLVA genotypes were observed (Fig. 1) ; 10 genotypes were represented by one isolate each and one genotype was shared by two isolates (9,10). Two main clades were identified (clade I and clade II). Clade I included four isolates (including EDL933) and clade II included eight isolates. In the MST analysis, HUS and two other isolates were found to be closely related to EDL933 control STEc strain (Fig. 2) .
Discussion
This study was carried out in a tertiary care centre of north India. The geographic region around this centre is a major milk producing area of India and animal rearing is one of the main sources of income. In the present study, STEC were isolated from five cases non-bloody diarrhoea (1.7%) and five bloody diarrhoea (1.6%) cases. These rates were similar to those reported from the Netherlands (1.7% from cases of bloody diarrhoea) 23 and higher than those reported from Alberta, canada (1.4% in stool samples suspected for viral gastroenteritis) 2 . Although STEc reservoirs exist and are clearly present in the food chain and environment in India, yet, the human illness appears to be infrequent. In a study from Kolkata, STEc were isolated from 1.4 and 0.6 per cent of human bloody and watery diarrhoea samples 5 . Other pathogens like salmonella, Shigella flexneri, S. dysentriae, Aeromonas, EPEc, ETEc and EAEc were also isolated from the stool samples in our study. Isolation rate for STEc as a causative agent in our hospital-based surveillance for community acquired diarrhoea was slightly higher than salmonella (1.04%), indicating that these organisms should also be routinely looked for in the diagnostic microbiology laboratories, especially in areas where animals are reared.
In the present study, all STEc were sensitive to all 10 antimicrobials tested. Khan et al 24 demonstrated antimicrobial resistance in 49.2 per cent of the STEc isolated from cow stool, beef and human stool samples collected from Kolkata, and resistance was commonly observed to ampicillin, tetracycline, and streptomycin and less frequently to cephalothin, cotrimoxazole, nalidixic acid, and neomycin. A high level of antimicrobial resistance has been reported in other pathotypes of diarrhoeagenic E. coli (enteroaggregative E coli, enterotoxigenic E. coli and enteropathogenic E. coli) from our region 9 . The antimicrobial sensitivity of STEc may be due to less antimicrobial pressure on these bacteria.
It has been shown that a large spectrum of serologically different STEc types can infect humans 25 . The serogroups found in this study have also been reported from animal stool and food samples from India 4, 6, 7 . The serogroup O157 was conspicuously absent.
The stx1 gene was present in all the isolates whereas stx2 was present in six of 11 isolates. Strains carrying eae and stx2 are considered to be more pathogenic to humans 26 . The low prevalence of eae positivity indicates the absence of LEE (locus for enterocyte attaching and effacing lesions) or presence of eae variants/other adhesins in these isolates. Though many studies have shown that LEE is essential for host colonization and virulence 27, 28 , others have demonstrated that some STEc isolates without LEE, such as STEc O113:H21,O1:H7, NT:H7, O76:H7, O128:H2, O91:H, O113:H21, O116:H21, O130:H11 and O5:H -are associated with sporadic cases and outbreaks of HUS [29] [30] [31] . Other Table II APc, Advance Paediatric centre; chOPD, child out door patients; ccU, critical care unit; GEc, Gastoenterology centre; EMW, emergency ward; OPD, out door patients; HUS, haemolytic uremic syndrome; UT, untypeable The isolates belonged to serogroup O85 (2 isolates), O95 (1 isolate) and O102 (1 isolate). Six isolates were found to be untypable with somatic (O) antiserum and one was found to be rough Fig. 1 . Dendrogram based on MLVA profiles of 11 non-O157 STEC isolates. Dendrogram based on allelic profiles of MLVA for 11 isolates including reference strain 12 (EDL933) was constructed by using START v2. Nb, non-bloody diarrhoea; B, bloody.
Fig. 2. Minimum spanning tree (MST)
. MST based on the MLVA profiles of STEC isolates was constructed. Profile 9 in red circle represents the two isolates (H9, H10) sharing the profile. C-EDL933 control.
adhesins described for STEc include efaI (EHEc factor for adherence), chromosomal Iha (iron-regulated gene A homologue) 32 , STEc autoagglutinating adhesin (Saa) 33 , and plasmid-encoded ToxB 34 . In our study, the most common adhesion gene was iha, followed by toxB and efa1; saa gene was present in one isolate only. Other toxins such as espP, etpD, hly and katP present on the large plasmid may also contribute to the severity of STEc illness. These genes were found to be variably present in our isolates. Though, the interplay between these genes is not well understood, but these factors provide additional traits to increase the virulence in STEc.
Diverse MLVA profiles were obtained from patients except for two showing the same MLVA profile. Both of these isolates were not epidemiologically linked. Small number of HUS cases was the main limitation of our study. To conclude, this study demonstrates the presence of STEc isolates as causative agents of diarrhoea and bloody diarrhoea and sporadic HUS. Further work needs to be done to study the epidemiological and evolutionary relationships between STEc present in the environment, cattle and/or the food chain, and STEc ultimately acquired by humans.
